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ABSTRACT
Nursery culture of the juvenile hard clam, Mercenaria mercenaria 
(Linnaeus), a necessary step in commercial clam culture, is not 
considered economically feasible by many workers. This is largely due 
to the costs involved in supplying algae as the primary food source. 
An inexpensive, a r t i f ic ia l  food which could p a r t ia l ly  replace cultured 
algae would greatly reduce food costs.
Commercially available crab meal, a by-product of crab picking 
houses, was tested as a supplemental food with various sizes of 
juvenile hard clams. Feeding experiments were conducted in the summer 
of 1982 and from July to December in 1983 to determine optimum feeding 
methods and rates. In each experiment, both control and crab meal fed 
groups received f i l te re d  seawater at flow rates which contained enough 
natural food to support clam maintenance a c tiv it ie s .  Supplemented 
groups received crab meal at d ifferent rations proportional to total 
clam live  weight. Various experiments tested methods of crab meal 
preparation. These included different sieve sizes of crab meal and 
autoclaving. Also d ifferent solutions were mixed with crab meal 
before delivery to trays. Growth was evaluated as the increase in 
shell height, and l iv e ,  dry, and ash weights.
In a ll  experiments, s ignificantly  greater increases in clam 
shell height and weight were observed in supplemented clams compared 
to control clams when crab meal was fed in proper amounts. Increases 
in clam shell height in control and crab meal fed clams were not 
d irectly  correlated with seawater flow rates or chlorophyll levels. 
There appeared to be a d irect relationship between the percent 
increase in shell height and crab meal ration at optimum feeding 
rates. Optimum feeding rates for smaller clams (4-6 mm) were crab 
meal rations 20-24% of total clam live  weight per day, and for larger 
clams (7-9 mm) rations were 11-15% of clam live  weight per day. Crab 
meal which was sieved through 100 or 134 micron mesh, autoclaved, and 
mixed with 25 micron f i l te re d  seawater produced the greatest increases 
in clam weight and shell height. This study represents the f i r s t  
successful feeding of an a r t i f ic ia l  food to juvenile hard clams in a 
flow-through seawater system. These experiments, conducted under 
conditions s im ilia r  to those in commercial nurseries, indicate the 
potential for the use of crab meal in commercial nurseries as a 
partia l replacement for cultured algae.
THE USE OF CRAB MEAL AS A SUPPLEMENTAL FOOD 
FOR JUVENILE HARD CLAMS (MERCENARIA MERCENARIA!
INTRODUCTION
Techniques necessary for the successful culture of the hard clam, 
Mercenaria mercenaria (Linnaeus), have existed for some time, yet 
commercial clam culture makes only a small contribution to the total 
annual clam landings (NMFS 1981). An overall decline in landings 
accompanied by an increased demand, however, creates an impetus for  
greater production of cultured clams. A major problem preventing 
commercial growers from greatly increasing the ir  production involves 
the cost of operating clam nurseries. Shellfish hatcheries have not 
proven to be economically viable (Ryther 1981). The main reason for 
the economic fa ilu re  of nurseries is the cost of feeding juvenile  
clams cultured algae as the main source of food (Epifanio 1976; McHugh 
1981). Algal production is expensive due to the high costs involved 
in the f i l t r a t io n  and s te r i l iza t io n  of large volumes of seawater, the 
price of complex media, the energy for heating, cooling, and 
illuminating indoor cultures, and the necessary hardware and manpower 
(Persoone and Claus 1980). The cost of growing unicellular algal 
cultures as a food source for larvae is not prohibitive because of 
the re la t iv e ly  small amounts of algae required. However, much larger 
quantities are required to grow clam seed to juveniles with a shell 
height of 8-10 mm, a size suitable for planting in f ie ld  plots. 
Juveniles of this size are less vulnerable to predators and thus have 
an increased chance of survival when planted in the f ie ld  (Wallace
2
3planted in the f ie ld  (Wallace 1955; Mackenzie 1977; Castagna and 
Kraeuter 1981). Most hatchery operators pump large quantities of 
ambient seawater to post-set clams allowing the clams to u t i l iz e  
natural phytoplankton, bacteria, dissolved organics etc. for food.
The e le c tr ic ity  required to pump large volumes of water containing 
enough food for clam survival and growth can be costly.
Ultimately the best alternative to cultured algae as a primary 
food source would be the use of a nu trit ionally  complete, formulated 
die t. This would enable a clam nursery system to become a profitable  
intensive culture operation. At present the complete nutritional 
requirements of f ilte r-feed ing  bivalves is unknown (Langdon 1983a). 
Therefore a nutrionally complete a r t i f ic ia l  d ie t, a characteristic of 
high pro fit  intensive culture systems, is not yet available.
A number of common foodstuffs and formulated diets have been 
tested on bivalves, mainly the oyster Crassostrea v iro in ica . with 
varying success (Haven 1965; Gillepsie et a l . 1966; Chanley and 
Normandin 1967; Dunathan et a l . 1969; Harleston 1971; Castell and 
Trider 1974; W illis  et a l . 1976; Turgeon and Haven 1978; Epifanio 
1979; Trider and Castell 1980; Ingle et a l . 1981; Nell and Wisely 
1983, 1984; Nell 1985). Carbohydrate rich sources such as cornstarch, 
cornmeal, dextrose, and wheat flour have been used to enhance growth. 
Haven (1965) found that cornstarch increased oyster meat weight but 
did not influence shell growth. Harleston (1971) fed cornstarch to 
adult mussels and clams and found that increases in the glycogen 
content of meats varied with season. The glycogen content of adult 
clams increased only with the feeding of cornstarch in the f a l l .  
Sim ilarly, Turgeon and Haven (1978) showed that the effect of
4cornstarch supplements on adult oysters varied with season. Oysters 
fed cornstarch during the fa l l  and spring had higher glycogen levels 
than oysters normally found in natural surroundings. In the ir  study 
cornstarch did not influence shell height and underwater shell weight 
during any season, which agreed with the e a rlie r  data of Haven (1965).
W illis  et a l . (1976) fed cornmeal to adult oysters and observed an
increase in glycogen content although an inverse relationship existed 
between oyster size and glycogen content after two and four weeks of 
feeding cornmeal. Cornmeal was also used successfully to fatten or 
increase the glycogen content of adult oysters in a commercial p ilo t  
plant operation (Ingle et a l . 1981). During seasons when the 
condition of oysters is poor, the quality of meats was improved by the
supplemental feeding of cornmeal in a few weeks.
Formulated a r t i f ic ia l  diets rather than individual food stuffs 
have also been fed to bivalves. Castell and Trider (1974) fed 
formulated diets with varying types and amounts of lip ids to oysters. 
They observed differences in growth rate, meat weight, and glycogen 
content in response to diets containing d ifferent concentrations of 
cornstarch and different l ip id  types. Overall growth, however, did 
not approach that observed in oysters held in natural conditions.
Nell and Wisely (1984) fed adult Sidney rock oysters, Saccostrea 
commercial i s . a r t i f ic ia l  diets composed mainly of wheat starch and 
Pruteen, a bacterial protein. They found higher oyster meat glycogen 
contents in oysters fed this a r t i f ic ia l  diet compared to controls 
which received only flowing f i l te re d  seawater. Nell (1985) found 
increased glycogen content and condition index in adult S. 
commercial is fed a r t i f ic ia l  diets composed mainly of wheat starch with
5Pruteen or the yeast Candida u t i l  us. Most experiments using 
a r t i f ic ia l  foods as the main food source for adult bivalves have 
concentrated on fattening, i .e .  increasing the glycogen content of 
adult bivalves. Other studies have been concerned with the use of 
a r t i f ic ia l  foods for bivalve larvae (Chanley and Normandin 1967; Lubet 
1971; Masson 1977; Chu et a l . 1982; Langdon 1983b).
Few studies have been performed on the use of non-algal foods or 
formulated a r t i f ic ia l  diets with juvenile bivalves (Lubet 1972;
Gabbott et a l . 1976; Murken 1976; Epifanio 1979; Langdon and Waldock 
1981; Urban and Langdon 1984; Langdon and Bolton 1984; Langdon and 
Siegfried 1984). In most cases the a r t i f ic ia l  d iet produced the best 
growth when i t  was fed with cultured algae. Murken (1976) fed fish  
processing wastes to juvenile mussels, Mytilus edulis alone and in 
combination with cultured algae and s i l t .  When fish processing wastes 
served as the sole food source, a decrease in dry tissue occurred 
along with considerable m ortality. The best growth occurred when 
mussels were fed combinations of fish processing wastes, cultured 
algae, and s i l t .  Epifanio (1979) fed varying combinations of yeast 
and cultured algae to several species of juvenile bivalves. He found 
that i t  was possible to substitute up to 50% of the cultured algae in 
the diet with yeast and obtain growth comparable to a 100% cultured 
algal d ie t. Langdon and Bolton (1984) fed juvenile oysters 
encapsulated a r t i f ic ia l  diets. Oysters showed only minimal growth on 
the a r t i f ic ia l  diets, s ign ificantly  less than the growth resulting  
from 100% cultured algae.
An alternative to cultured algae or a nu tr it io na lly  complete 
formulated diet is the use of a supplemental food, which would enhance
6growth and supply only part of the required nutrients. Supplemental 
feeding is often found in low intensity or extensive production 
systems, where natural foods are relied upon to meet a ll of the 
nutritional requirements of the cultured organism. More often a 
supplemental food is based on an inexpensive agricultural or 
processing by-product that is available in large quantities and 
inexpensive for cost effectiveness.
A potential supplemental food for juvenile clams is crab meal, a 
by-product of blue crab fCal1inectes sapidus) picking operations. I t  
is defined as the undecomposed ground, dried waste of the crab which 
contains the shell, viscera, and part or a ll of the flesh. Crab meal 
is inexpensive and readily available in quantities suffic ient to be 
used in a clam hatchery operation (Murray and DuPaul 1981). Dunathan 
et a l . (1969) fed crab meal to adult oysters and found that crab meal 
alone did not increase glycogen content or shell growth. When crab 
meal was fed with cornmeal in a 1:1 mixture, increases in glycogen, 
underwater total weight, and razor edge shell growth were observed 
when compared to unfed controls. These results, however, were not 
s ta t is t ic a l ly  analysed.
The following experiments were conducted to determine whether 
crab meal alone could serve as a supplemental food for juvenile hard 
clams. The previous experiments cited above have been largely 
concerned with increasing meat weights and/or glycogen content in 
adult bivalves. Increased tissue and shell size are important in 
juvenile clams for subsequent planting in f ie ld  plots at a size less 
vulnerable to predators. The use of a supplemental food which would
7promote overall growth of juvenile clams at a lower cost than cultured 
algae would reduce the costs of rearing larger size seed.
MATERIALS AND METHODS
Experiments were conducted at the Virginia Ins titu te  of Marine 
Science Eastern Shore laboratory during the spring and summer of 1982 
and from July to December 1983. Hatchery-reared juveniles of 
Mercenaria mercenaria were obtained from selected broodstock clams 
which were spawned and reared in the same year for a ll  experiments 
except in Experiment 2 (see page 16) which u til ized  clams from the 
previous year. Clams were held in raceways with flowing seawater 
f i l te re d  through a 50 micron GAF dacron bag prior to each experiment. 
Uniformly sized individuals with mean differences in shell height no 
greater than 0.5 mm were used in each experiment. Clams were randomly 
allocated to control and crab meal fed groups plus an additional group 
for determination of in i t ia l  weights and shell height. Six 
experiments were designed to test the effect of the supplemental 
feeding of crab meal on the growth of d ifferent sizes of juvenile  
clams.
Crab meal was obtained from RCV Seafood, Moratico, V irg in ia .
Table 1 shows the proximate analysis of crab meal. The amino acid 
content of crab meal before and a fte r  sieving through a 1mm screen is 
shown in Table 2. Crab meal sieved through a Imm screen was crushed 
in a lapidary tumbler with carborundrum stones from a ball mill for
five  days. This ground crab meal was sieved through a 100 micron
R oNitex screen, autoclaved at 115.5 C and 10 psi for 1 hour, dried in a
mechanical convection oven at 60°C for one hour, and la te r  stored in a
8
TABLE 1. Proximate analysis of crab meal.+
Substance
Unsieved
Crab
Meal
Sieved
Crab
Meal
Protein % 38.0 42.3
Acid Detergent Fiber % 17.5 12.4
Ash % 3.8 3.5
Ether Extractable Fats % 4.2 6.6
TABLE 2. Amino Acid Profiles of Crab Meal (dry wt. basis).+
Content (ma/a)
Unsieved Sieved
Crab Crab
Amino Acid* Meal Meal
Lysine 11.226 14.458
Histidine 4.829 6.117
Ammonia 3.245 4.004
Arginine 13.135 16.224
Aspartic Acid 19.251 22.448
Threonine 8.747 9.792
Serine 9.083 9.740
Glutamic Acid 28.857 33.101
Proline 14.206 17.412
Glycine 10.593 12.757
Alanine 9.809 11.903
Half Cystine - 0.742
Valine 10.098 11.291
Methionine 9.959 11.171
Isoleucine 9.859 10.260
Leucine 16.577 17.843
Tyrosine 8.924 9.756
Phenylalanine 9.121 10.474
*The samples were hydrolyzed for 24 hours with hydrochloric acid.
+The proximate analysis and amino acid profiles of crab meal were
determined by Dr. George J. Flick and Deborah Holloway of the
Department of Food Science and Technology, Virginia Polytechnic
Institu te  and State University.
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dessicator at room temperature 22-26°C. Rations of crab meal
suffic ient for two and three day periods were weighed on a H34 Mettler
balance. Coulter counter analysis showed that 80% of the particles  
were less than 40 microns by volume. The mean partic le  size by 
population count was 20 microns. Rations were added to 4 1 of 25 
micron f i l te re d  seawater and mixed in a blender. Each crab meal 
suspension was poured into a 5 1 Erlenmeyer flask which had a magnetic 
s t ir re r  to keep the crab meal particles in suspension. Flasks were 
f i t te d  with no. 10 rubber stoppers with two holes--one hole f i t te d  
with a short piece of glass tube to vent the solution and the other 
f i t te d  with a glass tube connected to surgical then tygon tubing 
leading to a p e r is ta lt ic  pump. A variable speed Manostat R cassette 
p e ris ta lt ic  pump (Model no. 72-500) continuously delivered the food
solution to the trays at 70 ml hr~*.
Figure 1 shows the various components of the experimental 
apparatus. A single tray (61 X 50 X 7 cm) held each group of clams. 
Each tray had a metal rack which supported a screen holding sixteen 
containers. These containers were made from sections of PVC pipe (5 
cm diameter, 1.5 cm height) with 1.5 mm mesh glued on to form a 
bottom. The metal rack support was joined at the side to a vertical 
bar which was connected to a motordriven chain and sprocket device to 
move the rack v e rt ic a lly  in the tray at a rate of once every 8 
minutes. This movement in the tray helped provide water circulation  
to the clams. Seawater f i l te re d  through a 50 micron core f i l t e r  
flowed into a headtank (with an overflow) which contained outlets to 
tubing leading to each tray. Seawater flow rates were adjusted by 
means of a screw clamp which varied the flow rate of water to th is t le
Figure 1. Schematic design of experimental set-up for crab meal 
supplemental feeding experiments, a. neadtank, b. 
seawater lines, c. p e r is ta lt ic  pump, d. crab meal 
solution, e. s t ir re r ,  f .  tray, g. v e rt ic a lly  moving metal 
rod, h. support rack, i .  screen, j .  clam container, k. a ir  
stone.
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tubes connected to the surgical tubing leading to each tray. A water 
depth of 6 cm was always maintained 1n the trays. Airstones placed in 
the trays near seawater and food flow inlets helped keep food 
particles in suspension. Trays were drained by an outlet placed 
diagonally across the tray opposite the seawater in le t .  The support 
structure holding the trays plus the food flasks were held in a 
controlled temperature room at 18°C. A 12 hour photoperiod was 
maintained.
Before starting each experiment clams were sieved through 
appropriate size screens into one group of s im iliar size clams. 
Uniformly sized individuals with mean differences no greater than 0.5 
mm were used in each experiment. Experimental groups plus an 
additional group for in i t ia l  sacrifice were randomly allocated from 
this group. Live, dry, and ash weights were determined on the 
sacrificed group plus the shell heights (hinge to l ip  measurement) of 
100 randomly chosen clams were measured. Heights were measured using 
Vernier calipers to the nearest 0.1 mm in Experiments 1 and 2 (p. 15 - 
16). In the remaining experiments 3-6, a dissecting microscope 
f i t te d  with an ocular micrometer was used to measure the shell height 
of photocopies of the clams (Haines 1973). Live weights were 
determined after clams had been a ir  dried for one hour. Dry weights 
were taken after clams were dried in a mechanical convection oven at 
60°C for one week and placed in a desiccator for two hours. Ash 
weights were determined after clams were incinerated for four hours at 
500°C in a muffle furnace. All weights were measured to the nearest 
0.1 mg on a H34 Mettler balance.
13
The remaining groups of clams were randomly assigned to one 
control and one or more treatment groups. Treatments involved 
specific amounts and preparation techniques of crab meal as a 
supplemental food. All groups received 50 micron f i l te re d  seawater at 
the same flow rate. Preliminary experiments determined that this flow 
rate contained at least enough natural food to serve as a maintenance 
ration or the amount of food necessary to maintain a constant weight 
(Winter and Langton 1976). Crab meal was fed at a predetermined 
percentage of total clam live  weight. Throughout the experiment as 
clam weight increased, rations were readjusted to maintain the in i t ia l  
feeding rate. Table 3 gives the various seawater flow rates, crab 
meal rations, and clam sizes involved in each experiment.
Seawater flow rates were measured daily and adjusted i f  necessary 
after the core f i l t e r  had been changed. Water temperatures in the 
trays were recorded and adjusted where required with e lectric  
immersion aquarium heaters. Twice a week containers were rinsed to 
remove debris from the screened bottoms. Once a week the trays were 
drained, rinsed with fresh water, and re f i l le d  with 50 micron f i l te re d  
seawater at the same temperature of the previous water. Chlorophyll a. 
samples were taken daily from the head tank serving the experimental 
trays for la te r  analysis. S a lin ity  values were obtained from ongoing 
daily measurements taken at Wachapreague.
Final clam liv e , dry, and ash weights plus shell height were used 
to evaluate the effect of crab meal on clam growth. One-way analysis 
of variance (ANOVA) was performed to discriminate differences between 
the final weights or shell heights of the d ifferent treatments at a 
level of inference of a = CMC ihlf 1981). Homogeneity of
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variance was determined using Cochran’ s and B a r t le t t ’ s tests. Because 
of the robustness of the F test and the very large and nearly equal 
number of individuals in each treatment, one-way ANOVA was performed 
on untransformed data even when there was heterogeneity of variance 
among the groups according to B a r t le t t ’ s and Cochran’ s C tests (Sokal 
and Rohlf 1981). The Student-Newman-Keuls multiple range test was 
used to determine differences between means at a level of inference of 
a = 0.05, where a significant value for the F test was found. 
Experiment 1
Hatchery reared juvenile clams were sieved through a 5 mm screen 
and caught on a 4 mm screen. One hundred clams were chosen for  
in i t ia l  sacrifice and two groups of 400 clams each were chosen for the 
experimental groups. Clams ranged in shell height from 5-6 mm and had 
a mean wet weight of 67.5 ± 5.0 mg (+ 1  SD).
Crab meal was prepared as described above except that i t  was 
sieved through a 35 micron screen instead of a 100 micron screen after  
the crab meal was ground in the lapidary tumbler for one week. Crab 
meal rations were 18% of clam live  weight which equalled 5 g crab meal 
per tray per day. Crab meal was mixed with 5 micron GAF bag f i l te re d  
seawater for the f i r s t  week and with 25 micron f i l te re d  seawater for  
the remainder of the experiment.
In i t ia l  sacrifice of 100 clams was performed and wet, dry, and 
ash weights were taken. The remaining two groups of 400 clams were 
placed in trays one and two. Sixteen containers each holding 25 clams 
were put in both trays. Each tray received 50 micron f i l te re d  
seawater at a flow rate of 106 ml rnin’ *. The control group in tray 1 
received only the natural food contained in the f i l te re d  seawater
16
while group 2 received crab meal in addition to the naturally  
occurring food.
Twenty-six randomly selected clams were removed from each group, 
measured from hinge to l ip  (shell height) with vernier calipers, 
weighed, marked, and returned to the ir  original positions in each 
tray. Live weight and shell height were measured on these individual 
clams again on days 5, 10, 15, and 30 of the experiment. At the 
completion of th ir ty  days, a ll  clams were sacrificed and l iv e ,  dry, 
and ash weights were obtained as stated e a r lie r .
Sa lin ity  ranged from 29.0-32.0 ppt with a mean of 30.7 ppt. No 
chlorophyll a measurements were made. Table 3 contains water 
temperatures.
Experiment 2
Hatchery-reared juvenile clams used in this experiment had been 
spawned in the previous summer and were considered "slow growers". 
Approximately 1,300 clams were randomly selected from this group. The
mean shell height was 9.4 mm ± 0.6 mm and the mean l iv e  weight 313.3 
mg + 21.0 mg. Clams were divided into five groups containing 240 
clams each plus an additional group of 125 clams for sacrifice to 
determine in i t ia l  weights and heights. The five groups of clams were 
randomly allocated to one control and four treatment groups.
Each group of clams was placed in a tray with a flow rate of 180 
ml min~* of 50 micron f i l te re d  seawater. Treatments involved 
comparisons on crab meal preparation--whether i t  was autoclaved or 
not, partic le  size (53 or 100 micron), and concentration (0, 11, and 
16%) (Table 4 ). Crab meal was fed at amounts 11 or 16% of the total 
clam live  weight per tray which equalled 8 and 12 g per day
TABLE 4. Explanation of the various treatments for experiment 2
concerning crab meal concentrations, partic le  size (sieve 
size used with crab meal), and whether autoclaved or not.
Crab Meal
Concentration Sieve Size Autoclaved
Trav No. (grams/dav)__________ (microns)_______ (1 hr. at 115°C)
1 12 100 yes
2 8 100 yes
3 8 53 yes
4 8 100 no
17
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respectively. Throughout the experiment as clam weight increased, 
rations were readjusted to maintain the proper amount based on live  
weight. Random samples of 75 clams from each group were collected and 
measured every six days.
Salin ity  ranged from 32-34 ppt with a mean of 32.9 + 0.6 ppt. No 
chlorophyll a  measurements were made. Water temperature is given in 
Table 3,
Experiment 3
Hatchery-reared juvenile clams, produced in the spring 1983 
spawning of selected broodstock, were sieved through a 4 mm screen and 
caught on a 3 mm screen. Approximately 1,300 clams were randomly 
selected for the experiment-- two groups (400 each) for the treatment 
and control, and one group (400) for in i t ia l  sacrifice. Clams had a 
mean shell height of 4.9 mm + 0.4 mm and a mean l iv e  weight of 45.2 mg 
± 4.3 mg.
The experimental design described for experiment 2 was used in 
this study. Each tray held 400 clams, with 25 clams placed in each 
container. Seawater, f i l te re d  through a 50 micron core f i l t e r ,  flowed 
through each tray at a rate of 35 ml min~*. The supplemented tray 
received crab meal at 70 ml hr”1. Partial water changes were carried 
out weekly. The clams were rinsed o ff  with fresh water twice a week 
to remove debris from the containers.
Crab meal was prepared as stated e a r l ie r - -  being sieved through a
R o134 micron Nitex screen and autoclaved at 115.5 C and 10 psi for one
hour. Crab meal was fed at a concentration 24% of the total clam live
weight which equalled 4.3 g of crab meal per day in i t ia l ly .  Two and
three day rations were blended with 4 1 of 25 micron bag f i l te re d
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seawater and added to 5 1 Erlenmeyer flasks. Four randomly selected 
containers of clams were removed from each tray every six days and 
l iv e  weights were measured. Crab meal rations were then readjusted 
according to any change in clam weight.
Four hundred clams were sacrificed for in i t ia l  weight 
determinations. Photocopies of these clams were made for la te r  
measurement of shell height (Haines 1973). All weights were 
determined as described in experiment 1. At the completion of this  
experiment a ll clams were sacrificed, and l iv e , dry, and ash weights 
were measured. All clams were photocopied and shell heights were 
measured on 100 randomly selected clams from each group.
Chlorophyll a  samples were taken daily during high water in the 
afternoon or evening from the head tank containing the f i l te re d  sea 
water which supplied the trays. Samples were f i l te re d  through a 
Whatman GF/F f i l t e r  and placed in blackened test tubes containing 8 ml 
of acetone-DMSO-water (9:9:2) extraction solutions (Haywood and Webb 
1981). Samples were stored in a refrigerator at 8°C until measured 
for fluorescence in a G.K. Turner Associates model 111 fluorometer 
f i t te d  with a standard door.
S alin ity  ranged from 32.0-32.5 ppt with a mean of 32.4 ppt. Ph
of the trays varied from 7.4-7 .8  with a mean of 7.6 during the
experiment. Water temperature and chlorophyll a  are given in Table 3. 
Experiment 4
Randomly selected juvenile clams sieved through a 3 mm screen and 
caught on a 2 mm screen were s p lit  into four groups of 480 clams each.
One group was sacrificed and in i t ia l  weights were obtained.
Photocopies of these clams were made for in i t ia l  shell height
20
measurements. The remaining groups were randomly allocated to one 
control and two groups to receive crab meal. Clams had a mean l ive  
weight of 26.1 mg ± 0.95 mg and a mean shell height of 4.0 mm ± 0.29 
mm.
The same experimental design was used as in experiments 2 and 3. 
Each container held 30 clams making a total of 480 clams per tray.
All three trays received seawater f i l te re d  through a 50 micron core 
f i l t e r  at a rate of 30 ml min"1. Crab meal was prepared as stated in 
experiment 3. Crab meal was fed to trays one and two at 30% of the 
tota l clam l iv e  weight which equalled 3.8 g per day in i t i a l l y .  Tray 1 
held clams which were given crab meal mixed with 25 micron bag 
f i l te re d  seawater. Tray 2 received crab meal mixed with a brine 
solution of fresh water and 280 g of rock sa lt. In tray 3 control 
clams received only the natural food contained in 50 micron f i l te re d  
seawater. Each week trays were rinsed with fresh water and re f i l le d  
with f i l te re d  seawater at the same temperature as the previous tray  
water. Individual clam containers were rinsed with fresh water twice 
a week to remove debris clogging the screens. Any dead clams were 
replaced with clams of the same size. Every five or six days four 
containers were randomly selected from each tray and l iv e  weights were 
obtained. Chlorophyll a. samples were taken daily near high water in 
the afternoon or evening. Temperatures were recorded daily  from each 
tray.
Plankton counts were made periodically for each tray and the head 
tank supplying the trays using epifluorescent microscopy. These 
slides were made following the procedure of Haas (1982). Samples were 
taken from each tray in a s im ilia r  location. Samples of 2 ml were
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taken from the control tray or head tank and 1 ml from the trays which 
received crab meal. Water samples were added to a Millipore f i l t e r  
apparatus containing a 0.2 micron Nuclepore f i l t e r  which had been 
prestained in irgalen black placed on top of a Millipore HA f i l t e r .  
Proflavin (0.33% in d is t i l le d  water) was then added to the sample (20 
yl per ml) and gently agitated. After 2 minutes gluteraldehyde (6.0% 
W/V in 0.22 micron prefiltered seawater) was added (50 yl/m l) to the 
f i l t e r  apparatus and the sample was again agitated. After two 
minutes, a vacuum (less than 5 cm Hg) was applied and the top f i l t e r  
was removed from the apparatus when the meniscus had disappeared, 
while the vacuum was s t i l l  being applied. The f i l t e r  was placed, top 
side up, on a slide containing one drop of immersion o i l .  Another 
drop of immersion oil was added plus a cover s lip . Slides were stored 
in a freezer at -15°C.
Salin ity  ranged from 31.0 to 32.5 with a mean of 32.1 + 0.4 
during the experiment. Water temperature and chlorophyll a  are given 
in Table 3.
Experiment 5
Randomly selected hatchery-reared juvenile clams sieved through 6 
mm screen and caught on a 5 mm screen were s p lit  into four equal 
groups of 400 clams each--one group for in i t ia l  sacrifice and four 
groups for d ifferent treatments. Clams had a mean height of 6.9 mm + 
0.4 mm and a mean weight of 156.6 mg ± 6.9 mg.
The same experimental design was used as described in experiment
1-4. Each tray held 400 clams. F ifty  micron f i l te re d  seawater flowed 
through the trays at a rate of 156 ml min~*. Aquarium heaters were 
placed in each tray to regulate water temperature. Trays were rinsed
22
out twice a week with fresh water and re f i l le d  with 50 micron f i l te re d  
seawater at the previous tray temperature.
Crab meal was prepared as stated in experiments 3 and 4. 
Supplemental feeding of crab meal was at 20% of total clam live  weight 
in trays 1 and 2. Tray one received crab meal mixed with 4 1 of 10 
micron f i l te re d  seawater. Tray 2 received crab meal rations mixed 
with fresh water and 280 g of salt to make a brine solution. 
Occasionally, i f  crab meal solutions had drained too quickly into the 
trays, approximately 500 ml of 10 micron f i l te re d  seawater or fresh 
water (depending on the treatment) would be added to the remaining 
food in the flask and delivered to the trays as usual.
Chlorophyll a  samples were taken daily near high water in the 
afternoon or evening as described in experiments 3-5. Epifluorescent 
slides were made periodically for plankton counts.
The mean s a lin ity  was 29.6 ± 1 . 3  ppt and ranged from 28-31.5 ppt. 
Ph varied from 7.8-8 .0  with a mean of 7.9. Table 3 gives chlorophyll 
a  and water temperatures.
Experiment 6
Hatchery-reared juvenile clams which fe l l  through a 6 mm sieve 
and were caught on a 5 mm sieve were randomly s p lit  into three groups 
of 400 clams each. One group was sacrificed for in i t ia l  weight and 
height determinations while the other groups were s p lit  into one 
control and one crab meal fed group. Clams had a mean shell height of 
7.1 mm + 0.3 mm and a mean weight of 154.8 mg + 8.1 mg.
Clams were placed in the same experimental design as described 
above. All trays received 50 micron core f i l te re d  seawater at 96 ml 
min"*. Each tray contained 400 clams, 25 clams per container. Trays
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were rinsed completely once a week with fresh water and re f i l le d  with 
50 micron f i l te re d  seawater at the same temperature as the previous 
water. Trays received partia l seawater changes every three days. An 
aquarium heater was placed in each tray to keep the seawater 
temperature within an acceptable range.
Crab meal was prepared as stated in experiments 3-5. Two and 
three day rations were mixed with 4 1 of 25 micron f i l te re d  seawater. 
Occasionally when crab meal solutions had drained too quickly into the 
trays, approximately 500 ml of 25 micron f i l te re d  seawater would be 
added to the remaining food in the food flasks and fed as usual.
Clams in tray 1 were fed crab meal at 15% of the ir  l ive  weight which 
in i t i a l ly  was 9.3 g per day per tray. Clams in tray 2 received only 
the natural food contained in the 50 micron f i l te re d  seawater which 
a ll the trays received.
Chlorophyll a  samples were taken as stated e a r l ie r .  Random 
samples of four containers of clams were taken weekly from each tray  
and live  weights were obtained. Epifluorescent slides for plankton 
counts were made periodically.
Mean sa lin ity  was 30.0 ± 1.0 ppt and ranged from 26.5-32.0 ppt. 
Tray water temperatures were maintained at 19.0°C throughout the 
experiment with the use of heaters whereas the mean ambient water 
temperature was 10.0 + 2.2°C. Table 3 gives water temperature and 
chlorophyll a .
RESULTS
Experiment 1
The increase in l ive  weight of randomly selected clams during the 
course of the experiment is shown in Figure 2. Clams fed crab meal at 
18% cent of clam l iv e  weight per day showed greater increases in l iv e ,  
dry, and ash weights than the unsupplemented control clams which 
received f i l te re d  seawater only, at the conclusion of 30 days of 
feeding (Table 5). Increases in l iv e  and dry weights of crab meal 
supplemented clams were 2.5 times greater than those of control clams. 
One-way analysis of variance (ANOVA) showed that l iv e ,  dry, and ash 
weights of crab meal fed clams were s ignificantly  greater than those 
of control clams ( P<0.01) (Table 6).
Experiment 2
The fina l shell heights were greatest in treatment 2 (TRT 2) 
followed by TRT 3 both of which received crab meal at 11% of l iv e  
weight (Table 7). Treatments 2, 3, and 4 (crab meal at 11% live  
weight) a ll  resulted in s ign ificantly  greater shell heights than 
treatment 1 (crab meal at 16% liv e  weight) or the control (TRT 5) 
(Table 8 ). L i t t le  difference was found between the fina l shell height 
of the control (TRT 5) and the in i t ia l  shell height (Figure 3 ). No 
significant difference was found between the fina l shell height of 
clams fed crab meal at 16% liv e  weight and of control clams (SNK, 
P<0.01) (Table 8 ) .  Clams in TRT 2 showed the greatest increase in 
shell height (0.4 mm).
24
Figure 2. Change in l ive  weight (grams) of crab meal supplemented 
and control clams during Experiment 1 (duration of 
experiment = 30 days). Each data point represents the 
mean of 26 randomly selected clams.
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TABLE 5. Experiment 1. In i t ia l  and final mean l iv e ,  dry, and ash
weights (mg) of clams held in 106 ml min’ * flowing sea water 
with and without crab meal supplementation a fte r  30 days 
( in i t ia l  n=125, final n=400).
In i t ia l   Final________
Crab Meal______ Control
1ive weight (mg)
X 67.5 71.4 68.2
SD 3.8 5.5 5.8
dry weight (mg)
X 41.0 45.1 42.4
SD 4.3 2.7 3.5
ash weight (mg)
X 38.3 41.3 39.8
SD 3.4 3.0 3.4
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TABLE 6. Experiment I .  Comparison of mean final weights and shell
heights of juvenile clams (mean ± 1 SD) held in trays of 106
ml min“* flowing f i l te re d  seawater with and without crab
meal supplementation (n=400 per tray, duration of experiment 
= 30 days). F ratios and probabilities are from one-way 
analysis of variance of final weights and heights.
Treatments
Final crab meal (18% live  wt. ) control F Ratio Probabilitv
Live weight 
(mg)
71.4 (5.5) 68.2 (5.8) 61.208 0.000
Dry weight 
(mg)
45.1 (2.7) 42.4 (3.5) 134.099 0.000
Ash weight 
(mg)
41.3 (3.0) 39.8 (3.4) 44.279 0.000
27
Figure 3- Changes in shell height (mm) of crab meal supplemented
(TRTs 1-4) and control (TRT 5) clams during Experiment 2
(duration of experiment «= 30 days). Each data point
represents the mean of 75 randomly selected clams.
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One-way ANOVA revealed significant differences 1n clam growth 
depending on the ration size and methods of preparation employed when 
using crab meal as a supplemental food (P<0.01). Crab meal rations of
11% clam live  weight resulted in significantly  greater growth in clams
than rations of 16% live  weight or than 1n unsupplemented control 
clams (Table 8). Final l iv e , dry, and ash weights of clams fed crab 
meal of the highest ration, treatment (TRT) 1, were significantly  
lower than the final weights of unsupplemented controls (SNK, P<.01) 
and than the other groups fed crab meal (Table 8). Clams fed this 
higher ration of crab meal showed l i t t l e  weight gain.
Smaller increments in growth parameters were seen when crab meal
was fed without being autoclaved in TRT 4 compared to autoclaved crab 
meal (TRT 2 & 3) at the same ration (Table 7). Clams fed unautoclaved 
diets showed lower f ina l l iv e ,  dry and ash weights than unsupplemented 
control clams. In relation to crab meal particle size, clams fed 100 
micron sieved crab meal showed l i t t l e  difference in weight compared 
to clams fed crab meal sieved through a 53 micron screen (TRT 3). No 
significant difference between the l iv e  weight of TRT 2 and 3 was 
found, although the dry and ash weights of TRT 2 clams were 
sign ificantly  greater than in TRT 3.
Overall, clams fed autoclaved crab meal at 11% of live  weight, 
which was sieved through a 100 micron mesh, showed the greatest 
increase in growth parameters of a ll  treatments. No significant 
difference was found concerning shell height between clams fed 53 or 
100 micron sieved crab meal, but crab meal of the larger sieve size 
resulted in s ign ificantly  greater ash and dry weights.
TABLE 7. Experiment 2. In i t ia l  and final l iv e , dry, and ash weights
(mg) and shell heights (mm) of clams held in 180 ml min‘ * 
flowing seawater with and without crab meal supplementation 
after  30 days ( in i t ia l  n=125, others n=240).
In i t ia l  _______________ Final__________________
1 2_______3_______ 4_______ 5
Crab Crab Crab Crab Control 
Meal Meal Meal Meal___________
1ive weight (mg)
X 313.3 337.7 353.3 353.0 336.7 353.9
SD 21.0 17.1 19.6 16.3 16.3 23.6
dry weight (mg)
X 202.3 214.6 238.3 233.1 224.2 234.8
SD 14.5 10.5 9.4 11.9 10.8 12.7
ash weight (mg)
X 191.0 196.4 219.1 216.9 203.9 214.3
SD 19.0 10.1 10.9 8.4 10.7 12.3
shell height (mm)
X 9.4 9.4 9.8 9.7 9.6 9.4
SD 0.6 0.6 0.6 0.7 0.7 0.8
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Experiment 3
Crab meal supplemented clams showed increases in l iv e ,  dry, and 
ash weight approximately 1.5 times greater than control clams fed 
solely on natural foods (Table 9). Clams fed crab meal at 24% live  
weight showed significantly  greater final l iv e , dry, and ash weights 
than control clams (P<0.01) (Table 10). Figure 4 shows the increase 
in weight of randomly selected clams during the course of the 
experiment. Shell heights were also significantly greater in crab 
meal supplemented than in control clams (ANOVA, P<0.01) (Table 10). 
Crab meal fed clams showed an increase in shell height five times 
greater than in control clams. An increase of 1.0 mm in 30 days is 
better than average for recorded growth rates in natural settings 
during August and September for this latitude (Ansell 1968). A 
neglible rate of mortality occured in this experiment (< 2%). 
Experiment 4
Clams fed crab meal at 30% of live  weight mixed with freshwater 
and rock salt solution (TRT 2) showed the greatest increase in shell 
height and weight (Table 11). Live, dry, and ash weights of TRT 2 
were sign ificantly  greater than those of the control or TRT 1 (crab 
meal mixed with f i l te re d  seawater) (ANOVA, P<0.01) (Table 12). Figure 
5 shows the increase in l ive  weight of randomly sampled clams during 
the course of the experiment. Shell heights of both crab meal 
supplemented clams were significantly  greater than control clam shell 
height (ANOVA, P<0.01).
Considerable mortality occurred in this experiment which tested 
the smallest sizes of clams (4.0 mm) with the largest crab meal 
ration. Clams of nearly the same size were always used to replace
Figure 4. Change in live  weight (mg) of crab meal supplemented and 
control clams during Experiment 3 (duration of experiment 
= 30 days). Each data point represents the mean l ive  
weight of 100 randomly selected clams.
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TABLE 9. Experiment 3. In i t ia l  and final mean l iv e , dry, and ash
weights (mg) and shell heights (mm) of juvenile clams held
in 35 ml min~* f i l te re d  flowing seawater with and without 
crab meal supplementation after 30 days (n= 400 per group).
Ini t i  al  Final_________
Crab Meal Control
( 2 4 %)_____________________
1ive weight (mg)
X 45.2 64.9 57.8
SD 4.3 6.8 9.3
dry weight (mg)
X 29.5 41.2 37.3
SD 3.3 4.2 6.3
ash weight (mg)
X 28.2 38.5 35.2
SD 1.7 3.7 5.9
shell height (mm)
X 4.9 5.9 5.1
SD 0.4 0.5 0.6
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TABLE 10. Experiment 3. Comparison of mean final weights and shell
heights of juvenile clams (mean + 1 SD) held in 35 ml min~*
flowing f i l te re d  seawater with and without crab meal
supplementation (n=400 per tray, duration of experiment *  
30 days). F ratios and probabilities are from one-way 
analysis of variance of fina l weights and heights.
Treatments
1______________ 2
Final
control crab meal 
(24%) F ratio Probabi
Live weight
(mg)
57 .8  ( 9 . 3 ) 64 .9  ( 6 . 8 ) 143.278 0.000
Dry weight 
(mg)
37.3  ( 6 . 3 ) 41.2  ( 4 . 2 ) 101.936 0.000
Ash weight 
(mg)
35 .2  ( 5 .9 ) 38 . 5  ( 3 . 7 ) 85.309 0.000
Shell height 
(mm)
5.1 ( 0 .6 ) 5 .9  ( 0 . 5 ) 99.388 0.000
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those which died. Besides being the smallest clams tested, crab meal 
was also fed at the highest concentration. Small clams are known to 
have higher mortality rates but increased bacterial levels due to the 
high concentration of crab meal was probably also a contributing 
factor. Higher mortality was seen in TRT 1 where crab meal was mixed 
with f i l te re d  seawater than in the control or in TRT 2.
Bacterial numbers in the trays receiving crab meal were greater 
in this experiment than in any others examined. Water samples from 
trays receiving crab meal had 2-3 times more bacteria and 
heterotrophic flagella tes than the control tray. Samples from TRT 1 
tray water, where crab meal was mixed with seawater, had at least two 
times the number of bacteria as TRT 2 tray water, where crab meal and 
brine solutions entered in i t ia l ly .
Experiment 5
Clams which received crab meal mixed with f i l te re d  seawater (TRT 
1) showed greater increases in shell height than unsupplemented 
control clams (Table 13). TRT 1 clams fed crab meal at 20% live  
weight showed s ign ificantly  greater dry and ash weights than TRT 2 
clams which received the same ration of crab meal mixed with a brine 
solution (ANOVA, P<0.01) (Table 14). Clams receiving the crab meal 
and brine solution (TRT 2) showed significantly  lower weights than 
control or TRT 1 clams. (SNK, P<0.05). Both crab meal fed clam groups 
showed sign ificantly  greater increases in shell height than 
unsupplemented clams (Table 13). There was no significant difference 
between the control and the TRT 1 group in terms of l ive  weight.
During the course of the experiment large red blotches of 
bacteria appeared on tray 2. Clams were observed to feed less when
Figure 5. Change in l ive  weight (mg) of crab meal supplemented and 
control clams during Experiment 4 (duration of experiment 
* 21 days). Each data point represents the mean of 120 
randomly selected clams.
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TABLE 11. Experiment 4. In i t ia l  and final l iv e , dry, and ash weights 
(mg) and shell heights (mm) of clams held in trays with 30
ml min~* flowing seawater with and without crab meal 
supplementation (control) for 21 days (n=450 per tray ).
Final
1 2 3
Crab Meal Crab Meal
(30%) (30%) 0 control
l ive  weight (mg)
X 26.1 26.1 27.1 26.3
SD 1.3 2.0 1.4 2.1
dry weight (mg)
X 16.9 17.0 17.5 17.0
SD 1.0 1.2 0.9 1.0
ash weight (mg)
X 15.6 15.9 16.4 15.7
SD 0.8 1.1 0.6 1.0
shell height (mm)
X 4.0 4.2 4.1 4.0
SD 0.2 0.4 0.4 0.3
38
TABLE 12. Experiment 4. Comparison of mean final weights and shell
heights of juvenile clams (mean ± 1 SD) held in trays with 30
ml min’ * flowing f i l te re d  seawater with crab meal
supplementation for 21 days (n=450 per tray ). F ratios and 
probabilities are from one way analysis of variance of final 
weights and heights. Student-Newman-Keuls (SNK) range tests 
show subsets of groups at a level of significance of a =
0.05.
Treatments
Final Crab meal 
(30%)*
Crab meal 
(30%)*
Control F ratio Probability
Live weight 
(mg)
26.1 (2.0) 27.1 (1.4) 26.3 (2.1) 29.158 0.000
Dry weight 
(mg)
17.0 (1.2) 17.5 (0.9) 17.0 (1.0) 29.311 0.000
Ash weight 
(mg)
15.9 (1.1) 16.4 (0.6) 15.7 (1.0) 78.677 0.000
Shell height 
(mm)
4.2 (0.4) 4.1 (0.3) 4.0 (0.3) 12.463 0.000
Student-Newman-Keuls
Live weight 1_____3 2
Dry weight 1_____3 2
Ash weight 1 1  2
Shell height 1_____2 3
*Treatment 1 - crab meal mixed with 25 micron f i l te re d  seawater. 
Treatment 2 - crab meal mixed with freshwater and 280 grams of rock 
sa lt.
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these large red areas were present. One such appearance of the red 
patch occurred d irectly  a fter the water flow had stopped to a ll trays 
during a pump malfunction.
The numbers of heterotrophic and autotrophic flagella tes plus 
diatoms in the tray water receiving crab meal was up to 8 times 
greater than in the control tray or in the headtank water.
Cryptophytes dominated the heterotrophic flagella tes in most cases. 
Bacterial counts of water samples from the tray receiving crab meal 
varied between 2-4 times the counts of samples from the head tank or 
the control tray.
Experiment 6
Clams fed crab meal mixed with f i l te re d  seawater at 15% clam live  
weight showed two times the increase in shell height of control clams 
(Table 15). One-way ANOVA showed that crab meal fed clams had 
sign ificantly  greater fina l l iv e ,  dry and ash weights than control 
clams (P<0.01) (Table 16). Crab meal supplemented clams gained twice 
as much weight as control clams at the completion of 30 days of 
feeding. Clams receiving crab meal also showed a s ignificantly  
greater increase in shell height (PcO.Ol) than found in control clams. 
Supplemented clams showed an increase of 7% of shell height (0.52 mm) 
at the end of 4 weeks. This growth in shell height is much greater 
than the growth rates in natural settings for winter at this latitude  
(Ansel 1 1968). Mortality was negligible during the experiment 
although in the nursery during the same time mortality was higher than 
usual.
Bacterial counts of water from the trays receiving crab meal were
2-3 times greater than those of water samples from the head tank or
TABLE 13. Experiment 5. In i t ia l  and final l iv e ,  dry, and ash weights 
(mg) and shell heights (mm) of clams held in trays with 156
ml min~* flowing f i l te re d  seawater with and without crab 
meal supplementation for 30 days (n=400 per tray ).
Final
1 2 3
Crab Meal Crab Meal Control
& SW & Brine
live  weight (mg)
X 156.6 176.5 170.1 175.8
SD 6.9 7.9 7.0 7.7
dry weight (mg)
X 99.8 114.8 109.2 113.2
SD 4.3 4.4 4.8 5.8
ash weight (mg)
X 92.4 106.3 100.8 105.4
SD 4.2 5.0 4.8 4.9
shell height (mm)
X 6.9 7.7 7.5 7.2
SD 0.4 0.6 0.5 0.5
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TABLE 14. Experiment 5. Comparison of mean final weights and heights 
of juvenile clams (mean + 1 SD) held in trays with 156 ml
min~* flowing f i l te re d  seawater with and without crabmeal 
supplementation for 30 days (n=400 per tray ). F ratios and 
probabilities are from one-way analysis of variance of f inal 
weights and heights. Student-Newman-Keuls (SNK) range tests 
show subsets of groups at a level of significance a = 0.05.
Treatments
1 2 3
Final Crab meal 
( 3 0 % ) *
Crab meal 
(30%)*
Control F ratio Probabil
Live weight
(mg)
176.5 (7.9) 170.1 (7.0) 175.8 (7.7) 84.121 0.0000
Dry weight 
(mg)
114.8 (4.4) 109.2 (4.8) 113.2 (5.8) 125.791 0.0000
Ash weight 
(mg)
106.3 (5.0) 100.8 (4.8) 105.4 (4.9) 139.736 0.0000
Shell height 
(mm)
7.7 (0.6) 7.5 (0.5) 7.2 (0.5) 14.883 0.0000
Student-Newman-Keuls
Live weight 2 3 1
Dry weight 2 3 i
Ash weight 2 3 i
Shell height 3 2 i
^Treatment 1 - Crab meal mixed with 10 micron f i l te re d  seawater. 
Treatment 2 - Crab meal mixed with freshwater and 280 grams of rock 
sa lt.
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the control tray. Microflagellates made up the majority of the algal 
species in a ll samples. Water samples from trays receiving crab meal 
contained 2-4 times as many microflagellates as was found in samples 
from the head tank or control tray water.
TABLE 15. Experiment 6 . In i t ia l  and mean final l iv e ,  dry, and ash 
weights (mg) and shell heights (mm) of clams held in trays
with 96 ml min~* flowing seawater with and without crab 
meal supplementation for 30 days (n=400 per tray ).
In i t i  al
l ive  weight (mg)
X 158.4
SD 8.1
dry weight (mg)
X 100.7
SD 4.4
ash weight (mg)
X 93.1
SD 5.0
shell height (mm)
X 7.1
SD 0.5
Final
1 2
Crab Meal 
(15%)
Control
175.2 167.8
6.4 6.9
113.2 106.2
4.5 5.1
104.2 99.2
4.3 4.2
7.6 7.1
0.5 0 .6
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TABLE 16. Experiment 6 . Comparison of mean final weights and shell
heights of juvenile clams (mean ± 1 SD) held in trays of 96
ml min~* flowing f i l te re d  seawater with and without crab 
meal supplementation (n=400 per tray, duration of 
experiment = 30 days). F ratios and probabilities are from 
one-way analysis of variance of final weights and heights.
_______Treatments__________
1 2_______
Final Control (0 Crab meal F ratio Probability
crab meal) (15% 1 ive w t .)
Live weight 
(mg)
167.8 (6.9) 175.2 (6.4) 246.933 0.0000
Dry weight 
(mg)
106.2 (5.1) 113.2 (4.5) 432.379 0.0000
Ash weight 
(mg)
99.2 (4.2) 104.2 (4.3) 267.281 0.0000
Shell height 
(mm)
7.1 (0.6) 7.6 (0.5) 45.923 0.0000
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DISCUSSION
This study indicates the potential for crab meal as a 
supplemental food for juvenile clams. Increases in shell and tissue 
growth were found when crab meal was fed at proper rations. Crab meal 
fed at 11 to 20 percent of clam live  weight promoted growth in clams 
with a shell height of 7 to 9 mm. For 4 to 6 mm size clams, crab meal 
rations of 18 to 24 percent of clam live  weight were fed successfully. 
Optimum crab meal rations which produced the best growth were 11 to 15
percent of clam live  weight for 7-9 mm clams and 20-24 percent for 4-6
mm clams. At the seawater flow rates tested, clams which received 
greater amounts of crab meal than the optimum rations, showed less 
growth than clams fed the proper ration. Figure 6 shows the 
relationship of the increase in clam shell height with crab meal
ration. There appeared to be a direct relationship between the
increase in shell height and crab meal ration, fed at 11 to 24 percent 
of clam l iv e  weight, in a ll cases except for TRT 1 in experiment 2.
For clams with a shell height of 9.4 mm, crab meal fed at 16 % l ive  
weight in TRT 1 was greater than optimum and less growth was seen in 
these clams than in control clams. When crab meal was fed at 30% of 
clam live  weight less shell growth was observed. This is s im ilia r  to 
the results of decreased growth when greater than optimum amounts of 
algae are fed to some bivalves. Several authors have determined 
optimum feeding concentrations of algae for bivalves (Winter 1970, 
1976; Tenore and Dunstan 1973). Tenore and Dunstan (1973) found that
46
Figure 6 . The percent increase in shell height of juvenile hard
clams at d ifferent crab meal rations (ration = percent of 
clam l iv e  weight). Each point represents the mean shell 
height (mm) of 100 clams.
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(1973) found that the feeding rate of hard clams increased to a 
maximum concentration of algae above which the actual feeding rate 
decreased. They also noted that feeding rates were very depressed at 
algal concentrations below the optimum level. Sim iliar responses in 
feeding behavior occurred in this study. When crab meal 
concentrations were above the optimum amount, clams with the ir  siphons 
extended and actively feeding were observed less frequently. Control 
clams were observed with the ir  shells closed more often than crab meal 
fed clams (at proper rations) which may have been in response to 
inadequate amounts of naturally occuring food.
The supplemental feeding of crab meal to juvenile clams resulted 
in increased growth in weight and shell height regardless of the 
season or seawater flow rate. Since clams received f i l te re d  flowing 
seawater as in commercial nurseries, natural changes in seawater 
temperature, food quality, s a lin ity , etc. occurred throughout the 
year. Chlorophyll a  levels showed a natural seasonal decrease from 
summer to winter. The increase in shell height of the control and 
crab meal fed clams however, appeared inversely related with measured 
chlorophyll a  levels (Figure 7). Various seawater flow rates were 
used in the d ifferent experiments. There appeared to be an inverse 
relationship between the the increase in shell height and the seawater 
flow rate (Figure 8 ) . Under the usual nursery conditions a direct 
relationship between seawater flow rate and chlorophyll a  levels with 
shell growth would be expected. The data points showing increases in 
shell height however were largely due to crab meal supplemented clams, 
since l i t t l e  or no significant shell growth occurred in control clams. 
Accordingly, i t  is suspected that both reduced flow rates and
Figure 7. The percent increase in shell height of crab meal
supplemented and control clams at d ifferent levels of
chlorophyll a. ( pg 1"*)-. Each data point represents the 
mean shell height (mm) of 100 clams.
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chlorophyll a  levels were indicative of a longer residence time of the 
water in the trays which allowed clams to feed on the crab meal before 
i t  was flushed out.
A range of partic le  sizes of crab meal were fed to juvenile clams 
in this study. The sieve sizes of 35, 53, 100 and 134 microns were 
used, each of which formed the upper l im it  of the partic le  size range 
of the crab meal tested. Positive growth results were obtained with 
all of these sieve sizes in clams fed proper amounts of crab meal. 
Coulter counter analysis of the 134 micron sieved crab meal showed 
that 80 per cent of the crab meal was less than 40 microns. Previous 
authors have noted suitable food partic le  sizes for bivalves, but have 
concentrated the ir  e ffo rt  on the smallest acceptable size (Haven and 
Morales 1970). Others have shown that larger partic le  sizes are 
injested. Foster-Smith (1975) found that Venerupis pul 1astra 
exhibited no selection against particles as large as 120 microns. 
Loosanoff and Engle (1947) found that oysters ingested species of 
algae up to 60 microns. Ingle et a l . (1981) pointed out that the 
largest size of food accepted by C. virginica or other bivalves has 
not been determined. In this study a ll  four sizes of crab meal 
peformed well as a supplemental food.
Various solutions were tested in feeding crab meal. In 
experiment 4 where the highest crab meal ration fed (30% of clam live  
weight) was mixed with a brine solution, clams receiving this 
solution showed greater growth than those receiving crab meal mixed 
with seawater. Bacterial counts in the trays receiving crab meal were 
higher in this experiment than in any other examined. The trays 
receiving crab meal mixed with seawater (TRT 1) had twice the number
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of bacteria than in TRT 2 where crab meal was mixed with a brine 
solution. I t  is suspected that the brine solution helped keep 
bacterial numbers from reaching the high numbers observed in TRT 1. 
Previous workers have noted the detrimental effects of very high 
bacterial levels on bivalves (Tubiash et a l . 1965; Ukeles and Sweeney 
1969; Masson 1977). In experiment 5 however, crab meal mixed with 
seawater produced better clam growth than the same concentration of 
crab meal mixed with brine. Overall the best clam growth occurred 
when crab meal was mixed with 25 micron f i l te re d  seawater.
A microbial community developed in the food flasks when f i l te re d  
seawater was mixed with crab meal. A microbial bloom along with crab 
meal was then delivered to the clams as food. Cryptomonads, small 
f lage lla tes , and bacteria were observed in higher numbers in the crab 
meal trays than in the control trays or in the head tank which had 
only f i l te re d  seawater. Cryptomonads and microflagellates are known 
to be good food organisms for juvenile bivalves (Imai 1949; Iwasaki et 
a l . 1971; Ukeles 1971; Walne 1974; Enright et a l . 1986). Some workers 
have shown that bacteria serve as food for some bivalves (Zobell and 
Feltham 1938; McHenery et al 1979). I t  was not possible to determine 
i f  the microbial bloom or the crab meal was the most important 
component of the diet with the experimental design used. Methods of 
feeding crab meal which keep bacterial and microbial numbers low such 
as encapsulation of crab meal along with the use of a r t i f ic ia l  or 
f i l te re d  and s ter il ized  water would be necessary to determine the 
effects of crab meal as the sole food without the microbial 
interaction. Antibiotics could also be used to keep bacterial levels 
down. Additionally the microbial community growing on crab meal could
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be fed alone to determine the u t i l iza tio n  of these microbes by the 
clams as food in the absence of crab meal.
The complete nutritional requirements are not known for any 
bivalve species (Kinne 1977, Langdon 1983a). Philips and Brockway 
(1956) determined the protein quality of a food by comparing the 
essential amino acid composition of the food with that of the organism 
being studied. Table 17 shows the percentage composition of the amino 
acids of juvenile Mercenaria mercenaria, crab meal, and three algal 
species that are known to be good food for bivalves. The percentages 
of amino acids in M. mercenaria are more s im ilia r  to crab meal than to 
the algal species. Crab meal contains higher percentages of the amino 
acids lysine, histid ine, arginine, glutamic acid, cystine, methionine, 
tyrosine, and phenylalanine than any of the algal species shown. 
Harrison (1975) has determined the essential amino acids of the 
mussel, Mvti1 us californianus. Table 18 presents the essential amino 
acids of M. cali forni anus along with the percentage composition of 
those amino acids in M. mercenaria and in crab meal. The essential 
amino acid composition of the two bivalves is very s im iliar. Crab 
meal has comparable or higher levels of these essential amino acids 
than the juvenile clams except for threonine and lysine. This 
indicates the good protein quality of crab meal for clams. Other 
studies have demonstrated requirements of fa tty  acids for bivalves 
(Castell and Trider 1980; Langdon and Waldock 1981; Webb and Chu 
1983). The consensus of these studies is that w3 fa tty  acids are 
essential for oysters and the quantity of total 006 fa tty  acids in the 
diet may affect oyster growth. Crab tissue, which makes up part of 
the crab meal, has high amounts of ^3 fa tty  acids along with the
TABLE 17. The amino acid percentage composition of juvenile
Mercenaria mercenaria, crab meal, and three algal species.
Mercenaria
mercenaria Crab
Amino Acid ( 1 ) meal
*Lysine 7.05 6.29
*Hi stidine 2.83 2.66
*Arginine 6 .00 7.07
Aspartic Acid 11.26 9.78
*Threonine 6.57 4.27
Serine 6.59 4.24
Glutamic Acid 12.09 14.42
*Proline 4.29 7.59
Glycine 7.67 5.56
Alanine 7.52 5.19
Half Cystine 1.79 3.23
*Valine 5.54 4.92
*Methionine 2.53 4.87
*Isoleucine 5.12 4.47
*Leucine 7.19 7.77
Tyrosine 2.60 4.25
*Phenylalanine 3.34 4.56
Pvramimonas Tetraselmi s Isochrvsis 
viroinica sueica galbana
( 2 ) ( 1 ) (3)
4.84 5.91 4.95
1.58 1.72 1.66
4.39 4.31 5.28
9.76 9.24 9.49
5.81 6.41 3.91
5.81 6.04 5.37
12.13 9.61 10.59
4.88 3.45 5.75
9.72 1.05 10.62
11.62 1.31 11.84
0.51 1.17 0.41
6.41 6.53 7.64
0.61 2.59 1.89
3.98 4.20 5.05
8.77 8.63 9.17
2.51 2.22 2 .10
3.89 4.07 4.08
References: (1) Walne (1970), (2) Webb and Chu (1983), (3) Epifanio
(1979).
*Essential amino acid for Mvtilus californianus. Harrison (1975).
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TABLE 18. The percentage composition of essential amino acids for 
Mvti I us ca liforn i anus and in whole body proteins of M. 
californianus. Mercenaria mercenaria. and in crab meal.
Percent Concentration 
of Amino Acids
Amino Acid
Threonine
Proline
Valine
Methionine
Isoleucine
Leucine
Phenylalanine
Tryptophan
Lysine
Histidine
Arginine
Mvti1 us 
cali forni anus
 LU ______
7.26
1.67
5.33
2.03
3.87 
7.42 
2.81 
0.22  
4.10
1.03 
4.20
Mercenaria
mercenaria
 m _____
6.57
4.29
5.54
2.53
5.12
7.19
3.34
7.05
2.83
6.00
Crab meal
4.27
7.59
4.92
4.87
4.47
7.77
4.56
6.30
2.66
7.07
References: (1) taken from Harrison (1975), (2) taken from Walne
(1970).
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presence of 006 fa tty  acids (Bonnet et a l . 1974). The presence of 
these fa tty  acids also indicates the good nutritional quality of crab 
meal for bivalves.
I t  is d i f f ic u l t  to compare the growth observed in clams 
supplemented with crab meal to previous experiments with bivalves.
For the most part, feeding experiments have been conducted on adult or 
larval oysters. Oysters have faster growth rates than clams (Claus 
1971; Walne 1974) so growth increments occuring during an experiment 
are not comparable to clam growth. Also the growth rates of juveniles 
and adult bivalves are very d ifferen t. Accordingly, i t  is d i f f ic u l t  
to compare the growth of adult bivalves fed a r t i f ic ia l  foods, which 
have been used in the majority of the cited experiments, to the growth 
of juvenile clams. Comparison with other feeding studies on juvenile  
bivalves is also d i f f ic u l t  because previous experiments were conducted 
in beakers or in recirculating water (Murken 1976; Langdon and Bolton 
1984; Urban and Langdon 1984). Overall none of the experiments cited 
e a rlie r  have shown that the growth of bivalves fed a r t i f ic a l  diets is 
better than that in natural surroundings or when cultured algae is 
used. This is the f i r s t  study to show the successful feeding of an 
a r t i f ic ia l  food to juvenile hard clams in a flow-through seawater 
system.
The results of this study have important implications for the 
nursery culture of juvenile clams. Clam nurseries are a necessary 
part of commercial clam culture since clam seed usually cannot be 
collected in commercial quantities in nature. Clam seed also must be 
grown to at least 10 mm before planting in f ie ld  plots to reduce their  
vulnerability  to predators (Castagna and Kraeuter 1981). Food costs
57
in producing vast quantities of cultured algae or in pumping large 
volumes of flowing seawater is expensive and is a major factor 
hindering the commercial v ia b i l i ty  of clam nurseries. The use of crab 
meal as a partial or complete replacement for cultured algae could 
greatly lower food costs. This study showed the effectiveness of crab 
meal in enhancing clam growth, especially in producing increased shell 
growth, in conditions s im iliar to those in commercial nurseries.
The diet preparation and feeding methodology employed in this study 
was very simple and thus easily transferable to commercial operations. 
Somewhat reduced seawater flow rates were used when feeding crab meal 
which would represent a savings in pumping costs i f  applied to 
commercial operations.
Crab meal was successfully fed during various months of the year 
with varying amounts of naturally occurring food in the flowing 
seawater. These results are thus applicable to commercial nurseries 
where variation in natural food also occurs on a seasonal basis. 
Increased shell growth occurred in crab meal supplemented clams which 
is not seen in natural surroundings during late fa l l  or winter. The 
use of crab meal might allow the overwintering of clam seed too small 
to be planted in f ie ld  plots in the fa l l  in nurseries at a reduced 
cost. Supplemental feeding of crab meal could augment naturally  
occuring food and would be especially beneficial during periods of 
time when food levels are seasonally low.
Further studies are required to scale-up and refine the use of 
crab meal as an a r t i f ic ia l  food in commercial operations. Experiments 
need to be conducted to determine whether the microbial bloom which 
occurs when using crab meal is an important component of the total
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food content. Encapsulation of crab meal would allow better testing 
without the interference of the microbial community. This would 
prevent leaching problems and reduce the numbers of bacteria occuring 
in the culture system. Also d ifferent methods of delivering crab meal 
to the culture system such as a dry meal instead of in solution 
should be tested. Additional experiments are required to determine the 
optimum crab meal rations for d ifferent sizes of clams under d ifferent  
seawater flow rates. Crab meal should also be tested in recirculating  
seawater systems especially since there were indications that i t  may 
have been flushed out before clams were allowed to feed on i t  in this  
experiment. The results of this study also indicate that crab meal 
should be tested as a component in formulated diets. And f in a l ly ,  
pilot-scale experiments are required to determine the optimum methods 
of u t i l iz in g  crab meal on a commercial scale in a nursery.
SUMMARY AND CONCLUSIONS
The use of natural or cultured algae as a primary food source in 
commercial clam nurseries is expensive and is one factor preventing 
the commercial feasability  of clam culture. An inexpensive a r t i f ic ia l  
food could reduce costs and allow greater commercial success of the 
nursery stage of clam culture.
Methods of using crab meal, an inexpensive by-product of the 
crab-picking industry, as a supplemental food for juvenile hard clams 
were tested. Experiments were conducted in flow-through seawater 
systems. Seawater flow rates provided at least enough natural food to 
sustain clam maintenance a c t iv it ie s .  Crab meal was mixed with 
f i l te re d  seawater or brine solutions and continuously delivered via a 
p e ris ta lt ic  pump. Juvenile hard clams with shell heights from 4-9 mm 
were tested.
The supplemental feeding of crab meal produced positive growth 
responses in juvenile clams ranging from 4.0 - 9.0 mm (shell height) 
when fed in proper rations. Clams receiving crab meal showed 
sign ificantly  greater increases in weight and shell height than 
control clams which fed solely on the natural food contained in the 
flowing seawater.
Optimum feeding rations of crab meal were determined for 
d iffe ren t size juvenile clams. Clams with a shell height of 4-6 mm 
showed the greatest increases in shell height and weight at feeding 
rates of 20-24% of clam live  weight per day. Clams 7-9 mm in height
5 9
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showed the best growth responses when fed crab meal at 11-15% of clam 
l ive  weight per day. Crab meal fed at 30% of clam live  weight 
produced less growth in clams than lower rations suggesting that this 
was an upper l im it  at the seawater flow rates tested.
Crab meal which was sieved through a 100 or 134 micron mesh, 
autoclaved, and mixed with 25 micron f i l te re d  seawater resulted in the 
best growth in clams both in terms of weight and shell height.
Increases in shell height and weight did not re f lec t seasonal 
changes in water quality or seawater flow rates but was related to 
crab meal rations and feeding methodology. The amount of crab meal 
fed was d irectly  correlated with the increase in shell height in 
clams fed crab meal at rations from 11-24% of clam live  weight. With 
crab meal positive shell growth occurred during months when l i t t l e  or 
no growth occurs in natural surroundings (November and December). 
Control clams feeding solely on the natural food contained in the 
f i l te re d  seawater, showed growth more reflective  of that observed in 
natural surroundings for those time periods.
These results are d irec tly  applicable to commercial clam 
nurseries where flow-through seawater systems are u t i l ize d . Crab 
meal, a readily available, inexpensive industrial by-product, could 
serve as a partia l replacement for natural or cultured algae and thus 
reduce overall food costs. The methods used in this study of feeding 
crab meal are re la t ive ly  simple, inexpensive, and readily transferable 
to a commercial nursery.
Further work is required to refine the use of crab meal as a 
supplemental food and to test d ifferent feeding methodologies. Crab 
meal should also be tested as a major component in formulated 
a r t i f ic ia l  diets.
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